Abstract. In this paper a hybrid optical code division multiple access (OCDMA) over wavelength division multiplexing (WDM) network is proposed to support large number of subscribers. The system combines two different techniques, namely OCDMA and WDM for supporting many subscribers simultaneously. We used modified double weight (MDW) codes as a signature address in designing the system because this code can accommodate more number of simultaneous active users under considerable standard bit error rate (e.g. ≤ 10 -9 ). The induced MDW code for hybrid system can eliminate multiuser interference fully and increase the bit-error-rate performance compared to other codes at the same time. We ascertained by simulation results that the proposed scheme provides very good performance and enhance the network capability. Therefore, this system can be considered as a promising solution for the next generation optical access network.
performance cannot be achieved. The previous study did not assess MDW code [10] for OCDMA over WDM system. Therefore, we selected the MDW code for OCDMA system and combined with WDM in a single network to fulfill the subscriber's demand of transmitting high data traffic [10] .
In this paper, we proposed a new hybrid OCDMA over WDM system, which satisfy the subscriber's current demand of transmitting high data rate enabling coexisting two different technologies. The paper is organized as follows. In Sec 2, we review the code construction of MDW code. The Sec 3 describes the hybrid system architecture. Network simulation setup is shown in Sec 4. The Sec 5 shows the results and discussion, and finally some conclusions are drawn in Sec 6.
Modified Double Weight (MDW) Code
The MDW code is a modified version of DW code family and the properties of DW and MDW are the same except that the MDW has a weight more than two or any even number. Since the code weight increases the signal power of the system then the signal to noise ratio (SNR) for MDW code is high [8] . MDW codes can be represented by K x N matrix. The basic matrix for MDW code with weight 4 consists of a ሾ3 ൈ 9ሿ matrix. The significant properties of this code is that the ideal crosscorrelation is one (λ = 1) and sometime zero (λ = 0). An example of basic matrix construction for MDW code with chip sequences is presented in Table 1 , where ‫ܭ‬ is the number of users and ‫ܥ‬ is the column number of the codes and represents the spectral position of the chips. 
In MDW code sequence construction, the spectral position of four weights ‫ܥ‬ ଵ, for the first user weight and ‫ܥ‬ ଽ, for the last user. The ‫݄ݐܭ‬ user is given as ‫ܥ‬ ସ ୀ ‫ܥ‬ ே and ‫ܥ‬ ଵ ୀ ‫ܥ‬ ேି ଵ . The MDW code possesses numerous advantages including high efficient, easy code construction, simple encoder/decoder design, existence for every natural number and optimized code length. The MDW code is used as SAC code of each user group in our proposed scheme and the phase crosscorrelations of resulting codes will not be more than ones from original MDW codes. A simple technique will be used for hybrid system channel representation. For WDM signal, a single channel is transmitted for combining the two systems that considered as a data segment. A sample of MDW code sequence is shown in Table 2 . The corresponding amplitude spectra are shown in Fig. 1 , where solid box represents "1" chips and empty box represents "0" chips. Table 2 Advanced Materials Research Vols.
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The comparison between different codes in terms of number of simultaneous user against BER is shown in Fig. 2 . The system parameters are based on a number of previously published papers [2] [3] [4] [5] [6] [7] [8] [9] .
Fig 2. BER versus number of active users

System Architecture of Proposed Hybrid System
In designing the proposed OCDMA over WDM scheme based on MDW code for optical networks, it is assumed that the scheme is implemented by 4 × 4 multiplexer/demultiplexer. Figs. 3 and 4 illustrate the simple block diagram of proposed scheme and its decoder details respectively. The both system chip has a spectral width of 0.8-nm. The transmitted signal is sliced by multiplexer and splitter. Then the signal is modulated by a modulator and combined using demulltiplexer. The standard single-mode optical fiber (SMF) is used for transmitting the signal to the receiver side. Fiber Bragg Grating (FBG) spectral phase decoder is used that operates to decode the data at data sub matrix. In the receiver decoder, the AND subtraction detection technique is used to detect the signal. The detected signal is then decoded by a photo-detector (PIN) followed by a 0.75 GHz low-pass filter (LPF) and error detector respectively. The transmitted power is between 0 to 10 dBm 
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Materials Science and Information Technology out of the broadband source. The random and uncurled noise is generated in the receiver side. The dark current value is 6 nA, and the thermal noise 1.8 × 10 -21 W/Hz for each of the photo detectors. Each user light source is assumed to be unpolarized and carries the spectrum flat bandwidth ∆V Hz. The average optical power for each photo detector per user at the time of the desired user transmit bit "1".
Network Simulation Setup
The simulation was conducted by the simulation software, OptiSystem Version 9.0, accordance with the system architecture as show in Fig. 3 . We run the simulation on the system of 30-km ITU-T G.652 standard single-mode optical fiber (SMF) under RZ modulation format at 622 Mb/s bit rates. All fiber parameter such as attenuation, group delay, group velocity dispersion, dispersion slop, and non-liner effects are activated during simulation. The average fiber loss is about 0.2 dBm including the splicing loss. The system insertion loss including multiplexer/demultiplexer is taken in the account 0.25 dBm and 2 dBm respectively. All the attenuation α (i.e., 0.25 dB/km), dispersion (i.e.,18 ps/nm km), non linear effects such as four wave mixing and self phase modulation were activated and specified according to the typical industrial values to simulate the real environment as close as possible. The system specifications listed in Table 3 were used throughout the simulation. 
Results and Discussion
The bit-error-rate (BER) and Q-factor performances are evaluated for each optical wavelength of MDW code. The comparison of BER between the hybrid system and the conventional OCDMA system is shown in Fig.5 . As seen from Fig.5 , the BER performance of the hybrid system is better than the conventional OCDMA for the whole length (30km) of the fiber. The error-free transmission (BER<10 -9 ) is obtained by the proposed hybrid system. The variation of measured BER against received optical power for both the hybrid system and the conventional OCDMA system is shown in Fig 5 for comparison. It is seen from Fig.5 that hybrid system yields better BER performance than the conventional OCDMA system. This was made possible by using two different data rates in one system known called hybrid system. The Advanced Materials Research Vols. 433-440average received power for first user and last user of hybrid system is about -12 dBm to -17 dBm, whereas the average received power for conventional OCDMA system is -11 dBm to -16 dBm. We ascertained from eye diagrams as shown in Fig. 6 that the signal quality of the hybrid system is much better than conventional OCDMA system. 
Conclusions
In this paper, we proposed a new hybrid SAC-OCDMA over WDM scheme employing MDW code for optical access networks. The bit-error-rate (BER) performance of the system has been investigated against various lengths of the fiber, and different optical received power. We also investigate the signal quality of the hybrid system by eye diagrams. The performance of the
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